Euler angle definitions:
The Euler angles used in this work are defined by the Easy Spin simulation program in the following way: (i) rotation of coordinate system xyz counterclockwise about its z axis by α gives x'y'z'; (ii) rotation of x'y'z' counterclockwise about its y' axis by β gives x''y''z''; (iii) rotation of x''y''z'' counterclockwise about its z'' axis by γ gives the final axes XYZ. All Euler angles reported here are defined as the series of rotations necessary to bring the hfi/nqi tensor from its eigenframe to the g-tensor frame. Figure S1 . The imidazole molecular axes (black) and SQ B g-tensor (red) superimposed on top of His-L190 N δ . The His-L190 N δ nqi tensor is collinear to the molecular axes, with Q max lying along Y, Q mid along Z, and Q min along X. In this figure only, the g-tensor has been rotated 180° about its z-axis (a magnetically equivalent orientation) for greater ease of viewing. The Euler angles for interconverting between the g-tensor frame and the molecular frame are labeled as α and β (γ ≈ 0° in this case) Figure 2 . The intensities of these peaks are strongly dependent on the time τ chosen between the first two pulses of the 3-pulse ESEEM experiment, so it is important to perform the experiment at multiple values of τ so as to not miss any transitions.
